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ABSTRACT OF THESIS 
THE MECHANISM OF PROTODEIODINATION OF 0-IODOANILINE 
A kinetic investigation has been made of the deiodination 
of o-iodoaniline in aqueous media. This has confirmed the mechanistic 
picture of the deiodination process proposed by H. S. Choguill and 
J. H. Ridd in i• Chem. Soc., 822 (1961), and also has provided a 
basis of comparison among the isomers of iodoaniline. 
The time rate of deiodination was studied by measuring 
iodine released from o-iodoaniline in aqueous acid solution in 
presence of iodide ion., Iodine concentration was determined by 
thiosulfate titration and spectrophotometry. Rate constants were 
calculated from the change in stomchiometric concentration of amine. 
These kinetic data were interpreted in terms of the mechanism. 
The major studies involved in this investigation were: the dependence 
of initial rate on the variation of free amine concentration, the 
dependence of the initial rate on acidity, dii"ference in activation 
energies, and kinetic isotope effect on the rate constants. 
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IN TRODUC TIO J 
The intimate details of the reverse reaction of aromatic 
iodination are, at present, known with much less certainty than 
those for the forward reaction. Because aromatic halogenations 
are postuJated to proceed by more than one mechanism, depending 
on the chemical environment, it is probable that dehalogenations 
may also proceed by more than one mechanism. 
In the early 19501 s, Gold and Whittaker1 first attempted 
kinetic studies on the replacement of iodine by hydrogen in sub-
stituted p-iodophenols. Although probable mechanisms were 
suggested, the results were too complicated to be interpreted in 
a simple manner. The mechanism of deiodination was not investigated 
2 
in detail until the recent studies of Choguill and Ridd, who 
investigated the mechanistic sequence of the deiodination of 
p-iodoaniline in aqueous medium of the study indicated a SE2 type 
reaction of the free amine with a solvated proton. 
The following kinetic investigation for o-iodaniline is one 
of a series in the study of the mechanism of deiodination of iodo-
anilines. 
The purposes of the present research are, therefore, to 
confirm or modify the mechanistic picture proposed by Choguill 
and Ridd, 2 of the deiodination of iodoanilines in aqueous medium; 
and to try to provide a basis of comparison 01' the rates of 
deiodination among the isomeric iodoanilines. Kinetic isotope 
2 
effects are also considered, and the results are discussed in 
connection ~ith the deiodination mechanisn1. In this study the 
author 1 s approach utilizes the techniques which have proven 
useful in the study of forward iodination3 and to apply them 
to a study of the kinetics of deiodination. 
THEORY ANT) METHOD OF Il~VE3TIGATION 
Chemical literature affords extensive information on the for-
ward reaction of aromatic iodination . Ho1-1ever, reports of stucies 
of the reverse reaction are limited both in scope and numbero The 
research of this subject is being continued, and the generalization 
of the theory of mechanism in this field cru:not be concluded with-
out further investigation. From consideration of the Prlllciple 
of Microscopic Reversibility, a brief review of inforr1ation 
concerning both iodination of aniline and deiodination of iodo-
aniline and other relatec reactions is presented below . 
Mechanism of Iodination 
The mode of attack of electrophilic iodinating agents on the 
benzene ring is probably similar to that of other halogenating agents . 
For the simplest case of attack by the free halogenium ion, the 
mechanism could be formulated as follows: 
H 
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Hal 
' ' Hal 
_ _ _ _ _ _ f"'-=a=s_,.t ___ > Ar - Hal + H+ 
3 
The specific c11.se of interest here is the iodi·ri2tion of 
aniline. Berliner4 reported that a rate study of aqueous iodina-
tion of aniline indicates that the rate of disappearance of 
aniline is proportional to the concentration of iodonium ion as 
well as the concentration of aniline !lnd base . He obtained rate 







and which could be interpreted as 
Rate = k' 
where B: r epresents base o This result immediately suggests a trans-
ition state consisting of a molecule of aniline ano an iodonium ion 
or hypoiodous acidium ion + + ( I or IOH2 ) • 
The followi ng equivalent rate expressions may serve as 
4 
possible interpretations: 
Rate k ' I+ + ph._l\lli2 J (2) = or IO~ B: 
Rate = k'' ( IOH ) (i>hNH+ ( B: (3) 
3 
Rate k' 1 1 ( IOH + (4) = phNH B:H * 
Rate expression (3) which suggests the inclusion of anilinium 
ion in its transition state may be excluded, because the aniliniu.m 
ion would be meta-directing, whereas, actual iodination is ortho-
para directed substitution. The two remaining expressions are 
identical in their kinetic aspect but differ in mechanistic 
interpretation. In terms of mechanism, equation (2) involves 
breakage of a C - H bond during the rate-determining step, while 
(4) does not. The further investigation of iodination in 
deuterium oxide medium shows that the hydrogen-isotope effect is 
persistent in the iodination reaction, which would favor the 
-¾Detailed discussion on the thermolecular mechanism of sub-
stitution was given by E. Gravenstein ,Jr •. and N. S. Aprahamian in 
the article on 11 The Kinetics and Mechanism of Iodination of 4-Nitro-
phenol and 4-Nitrophenol-2, 6-d2'15. Although the termolecular 
mechanism has never been confirmed in the kinetic studies of electro-
philic aromatic substitution, it cannot be said to have been disproved 
in all cases . 
E + ArH + B: ---+ ( E---Ar---H---B") ~ Ar - E + B - H 
transition state 
6 Similar arguments are also presented by G. S. Hammond and C. K. 
LTJ.gold . 7 
5 
8, 9, 10, 11 
equation (2). The foregoing kinetic studies lead 
to the conclusive picture of the following mechanism for the 
forward reaction of iodination of aniline: 
O mi2 ----,. [::>Orn2] + (rapid equilibrium) 




Kinetic studies of aromatic deiodinations in acidic media 
must explain: (a) complication of mechanistic interpretation due 
to the participation of solvent molecule in rate expression; 
(b) complication of mechanistic interpretation due to the side 
reaction of the product molecule with acid. 
The first di fficulty may be overcome by using water as the 
solvent. Choguill and Ridd2 reported the first successful study of 
deiodination of p-iodoaniline under this experimental condition. 
The aqueous reaction medium gave a greatly simplified kinetic 
expression which could be interpreted in terms of a possible 
mechanism. Therefore, the author has appliec similar experi.~ental 
condition to the present study of deiodination kinetics. 
6 
The second complication, possible involvement of side re-
actions during the ki..~etic rm, has been discussed by many investi-
gat ors . 5 Althou,;h io0ometry has been a comparatively accurate 
method for the determination of iodine concentration, it may produce 
some error due to the volatility of iodine and the possibility of air-
oxidation of hydriodic acid formed durin6 the kinetic run. 
2 HI + 
The volatility of iodine can be prevented by the adc1i ti::m of excess 
potassiu.m io ice to the reaction mixture. The resulti~r tri-io~ide 
ion ( I; ) has lower vapor pressure than molecular iodine.::- Oxida-
tion of hycriodic acid can be minimized by acjustment of the pH range • H:-
and by titratinr unoer the protective atmosphere.:c:·::-
*Presence of iodi~e ion in solution may give a~?itional a~vantage. 
It will lov1er the oxichtion potenti 1 of iodine, and woulrl prevent further 
oxidation of s4o~- during the titrimetric procedure. The desired re-
action is: 
2 d a2 
2 3 
• HcpH range is o . 5 ~ 7 . 5 for N/100 - Na2s2o3, and 0 . 5 ~ 6 . 5 for 
N/100 Na2s2o3
• Below pH o .5, Na2s2o3 ---riay form H2sn3 w.1ich undergoes 
further oxidation . 
Na2s2o3 + 2 HCl = 2 '.aCl sor H2o 2 e 




due to the alkalinit? of the 
7 
Another factor still remains to be considered. The apparent 
rate constant, kapp.' would be expected to decrease with increasing 
concentration of iodide ion because of the conversion of iodine into 
J.·on.3' 4, 8 comparatively unreactive tri-iodide Here, correction 
can be made either by use of the equilibrium constant for tri-iodide 
formation5 or by making a blank determination of the difference in 
the initial rate of formation of iodine in the presence and in the 
2 
absence of deiodinating species. The author has applied the latter 
method for the present study because of its simplicity and accuracy 
in obtaininf kinetic data. 
Under the experimental conditions described abo e, the mechanism 
of cmodination of to proceed as follows: ::doan[;::ne ~~ -~~-:xpected 
NH2C6H4I ___ __,. C6H4 : ... , ... _ ___;;2a.-=...r-~ NJ½C6H5 + 
...... I 
if it involves the reverse of the reaction of iodination, this would 
mean that the transition state in this reaction should be independent 
of the hydrogen ion concentration or that of any other participating 
molecule throughout the process, but proportional to the free amine 
concentration. Therefore, the reaction should be of first order with 
respect to free amine. This single stage deiodination mechanism 
seems a reasonable postulate if the respective transition states of 
iodination and deiodination are compared. 
Despite a considerable difference in the experimental conditions, 
the transition state during the reaction sequence maJ involve the same 
molecular species for both the forward and the reverse reactions. 
8 
The same proposition could be made for the kinetic isotope 
effect. If the transition state-involves breakage of a C - H bond, 
the kinetic isotope effect would be significant for the deiodination 
process also. In many instances, this isotope effect measurement 
has proven to be a useful technique for the determination of the 
rate-determiPing ste~. 8, 9, lO, 11 
The following experimental results support the fore~oina mech-




o-Ioc.aniline (Reagent grace) was obtainec from the Eastman 
Kodak Company, and recrystallized three times from deionized water 
to give needle-shaped crystals of' m.p. 56.5 or 57° c. 
N/10 - Na2S203 stock solution was mace from.o,_26 g. of Na2S203 
(Reagent grade 99.5%) and 0.2 g. of Na2C03 • lOH20" by dissolving them in 1,000 ml. of deionized distilled water. Th~ stock solution 
was then diluted to the clesired concentration ana stanclardized with 
the conventional analytical rnethoo except that Thyodene was used as 
an indicator instead of starch-solution for both standardization of 
Na2s2o solution and the determination of iodine concentration ~uring the R:irletic run. 
Heavy- water (99% min. D2o) was obtainec, from K & K Laboratories, Inc., Jamica, New York. 
The other chemicals used in this experiment were all analytical 
grade, and they were used without further purification. All solids 
were oven-dried before using. 
~"Na2co3 • 10 H20 was used as stabilizer to prevent reaction of thiosulfate with carbon dioxide. 
Na2s2o3 + CO2 = Na2co3 + H2s2o3 = Na2co3 + H2so3 + S 
9 
Kinetic Measurements 
Solutions of reaction mixtures for kinetic measurerients were 
prepared as follows: Pre-weished o-iodoaniline ano potassiu.rn iodide 
were dissolvec io a volumetric flask with ceionized water at 5o0 c. 
A magnetic stirrer was used to facilitate solution. VoLune chanres 
'ue to the high tel11perature were corrected. The changes in specific 
volume of KI and o-iodoaniline 1,1ere neblecterl. 
Semi-automatic sample collector shown in "'irure 1, 1,ias desi6ned 
to minimize tne error uring the kinetic measure~ents. 
\ sample of 1 liter of reaction mixture was introcuced into a 
reaction flask which was preheated to the reaction temperature (80±0,05°) 
and the temperature was maintained at consta~t v&l~e, 80°, by re:ulating 
11 fine tec-nperature control11 of t.he thermostat. The bath was a Precision 
Temperature Controller from Bayley InstrUi11ent Compa!"1y. 
Hydrochloric acid was then i..ritroducec, and the time of this 
adoition was referred to as the initiation time of .eaction. Samples 
of 10 !tl. were withdrawn after certain time intervals, a1 cl tihey were 
cooled in ice water before titration. This prevented further deiodina-
tion of the sample after withdrawal. Iorine concentrations were deter-
mined by titration with thiosulfate using a 5 mlo microburet • -;f Volume 
corrections were made by measurin 6 the difference in actual volume 
and theoretical volume at 80° C. 
-x-Thyode'1e was used for the determination of the end point. To 
get a sharp end point, Thyodene was always ad ed as the enc point was 
approached. Back titr,.tion was carried out whenever necessary. 
A 
B 






I'igure 1. Semi-automatic Sampling Device 
A. West condenser; B. Stirring- motor; C. Mercury seal; 
D. Stirring rod; E. 10 ml. automatic pipette; F, F 
Three-way stop cock; G. 11.-Three neck reactionafla~k 
H. Thermostat. 
11 
""'he bl -i'1k reacti .., 1ere cc1r A e ..:i o -1- n •p "ri, 
11 · xturer o e ·2 ctl the A·e ct"'1 s ur i '1 t (l m;- l '1 P r = . 1er 
bi.:t, c01 1 t 1nir1p no o-io ')BniL.ne . l'he ener L co s ~nc, if l 1 
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or the t'J.' r') .,... iso+,orie C ·~ ct re~ r <=>'1.t.:., r t C 
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to trie coolinf ::m0 tr':l!'c itt DC "18' 
0 11 t e tJ.'Tl8 ,he c~ 11 re 11a~nP i e u er I C cou t f ri 
n 
kinetic ru.'1 . l'r e ('') r ic-on of t e ,nc nt.r th:.0·ulf -i-~ tit-r ho1 
'T e, E"'l ·urr e t" if +-r ,t, .(; Pc rr ·P. + 0 
'i.-l:.1 c> f~xe, cl i • op£> '1. • 
12 
showed that intermittent heating did not cause a noticeable error. 
Analysis of Products 
Since aniline was the expected product from the deiodination of 
o-iodoaniline, it could be easily identified by ordinary organic 
. 16 anal.vs is. This could be done by extraction of the re ~ction mixture 
with ether, bromination of the extract, and then determination of the 
melting point of the bromination product. 
In this e.xper:L'Tlent, chromatographic separation was attempted 
to see -i,,rhether or not any side reaction does occur under the experiment:U. 
coneii tions studied above. An Aeroeraph i odel A-90-p gas chromatograph 
was used for the separation using a silicone-packed column of 5 feet in 
length. The equipment setting anr temperatures as given below. 
Setting Temperature 
Injector 65 200° C 
Detector 49 200° C 
Column 36 150° C 
Although the aniline peak was identified without difficti.J.ty, 
the separation of iodoanilines from aniline coulc not be made under 
the conditions given above. This may be due to inappropriate packing 
material of the column or also due to the high evaporation temperature 
of iodine compounds. 
17, 18 A paper chromatographic method, however, gave satisfactory 
results for this separation. o-Iodaniline and aniline were separated 
with Rr- values 01' 0 .. 3 and O. 7, respectively. For tnis determination 
D 
Whatrnan No 1 paper was prewashed with the developing solvent of buff er 
solution (pH 4.7) which was made of glacial acetic acid (0.57 rnl./1000 
ml. of H2o) and sodium acetate (1.36 g./1000 ml. of H2o). The acid 
solution of the reaction mixture was spotted on the paper. It was then 
dried, anc color developing agent (1% - p - diethylaminobenzaldehyde in 1 
N HCl) was sprayed on the paper. This gave a deep yellow spot. This 
was developed in the buffer solution about three hours to achieve the 
separation. Paper was dried in air and Rf-values were measured . 
The paper chromatogram showed aniline and o-iodoaniline spots 
only. These were identified by comparing with control chromatograms 
of standard solution. under the icentical experimental conditions. 
Calculation of the Rate Constants 
Since the blank reactions were carried out concurrently with 
the deiodination experiments, the differences between the iodine contents 
were regarded as concentration changes due to the deirdination of 
o-iodoanili..ne. Under this assumption, the stoichiometric concentra-
tions of o-iodoaniline were calculated by subtracting the stoichio-
metric concentrations of iodu1e formed at each t1.IT1e interval from the 
initial concentration of o-iodoaniline. Therefore, the rate of iodine 
formation was directly proportional to the rate of ciisa_µpearance of 
o-iodoaniline. This relationship is indicated by the data in Table I. 
Special attention was given to evaluation of averages in obtain-
ing the rate constant. The orclinary interval method of averaging causes 
considerable error due to the undue weight to the initial anc the final 
concentration.'~ ,'1hen each value of k is calculated from the integrated 
rate equation, each value of (a - x) is combi1 ed with a single valuer£ 
the initial concentration which may rest on a s1.ngle measurement: 
k = 2.303 
t log 
a 
(a - x) 
a is initial concentration of iodoaniline 
x is concentration of aniline formed 
Therefore, the author abandoned the direct application of the integral 
equation for the first-order rate constant, and instead used the relative-
ly accurate graphical and Roseveare's methods. 13 At first, the points 
were chosen so as to get an equal cistribution of statistical weights, 
which were obtained from the graph, and these po1.nts were a.veraged by 
the following equation: 
(ln Cp + 1n Cp-1 + ••••• + 1n Cp-1) - (ln Cq + ln Cq-1 + ••• + ln Cq-n) 
+ t 1 p- ••• + tp-n) - Ct q 
*(lssuminP' k0 , 1 kl 2 •..•..••..•• kn-l the interv1.l r 1te constant, 
for n intervals, t,he aritfimetical average ma.• Be expressed: 
1 
-n- ( ko,l + • • • • • • • • • • + k ) n-1, n 
If eRch tune iitervRl is the same and ka is the arithmetical average, 
then 
or 
= 1 n [ .\ 
1 
TI A t 
• k = k 
1n Co 
Ti"" 
1n [ co cl c2 · · · • • c n - 1 ] 
CCC ••••• C 
1 2 3 n 
+ • • • • • • • • • • _L 1n -5:2-J 
.d t en 
1 
n A t 
a o, n 
Thus the arithmetical average is independent of all values except the 
first and last. 
where k indicates arithmetical average of the rate constant, p and m 
q are integrals with the relation p = 2 q. For example, the first 
order rate constant was calculated from the data in Table I as 
follows: 
= 
1 0 • 120 90 + 0 + 0 
- 3.1308) - ~3.0809 - j.0555 - 3.0132) 
= 2.15 X 10-J rni.n. -l 
RES UL "'S AND DISCUSSION 
Kinetics of Deiodination 
On the basis of the reported data for deiochnation of p-iodo-
·1· 2 arii ine, it was to be anticipated that in an aqueous solution of 
o-iodoaniline the rate of disappearance of o-iodoanilinium ion would 
be proportional to the stoichiometric co~centration of o-iodoaniline; 
therefore, pseudo first-order rate constants (km) were c3.lculatec1 on 
this basis. That this relationship holds is in0ic ted by the data of 
Table I which covers a ten fold change of co1 centration of o-iodoanilineo 
According to Table I, the deiodination of o-iodoaniline is first-
order with respect to the free amine concentration, and this relation 
does not change appreciably during the initial stage of deiodination. 
However, the constarcy of k does deviate appreciably at the latter part 
of reaction. This is presumably due to the change in iodide concentra-
tion as well as the change in hydrogen ion concentration at the latter 
stage of deiodination. -::- This phenomenori has been observed in some of 
3/'Since the hydrogen iodide is a product of react.ion, some change 
in iodide anc hydrogen ion concentration is an expected phenomenon. 
16 
TABLE I 
KWE'I'IC DATA FOR DEIODlNA rION OF o-IODOANILINE rn WATER. 
(HCl) = 0.051~ M, (KI) = 0.25 M, TemR• 
reaction mixture titrated with Na2s2o3k 
80 ! 0.05° C, 10 ml. of 
Time Titer (T-B6 Iodine 5 o-Iodo- Log C Reaction min. ml. orr. aniline _5 (amine ('! mol x 10- /0 mol x 10 concen.) 
(NH2 • C6H4I) = 0. 001 N:H(· 
0 0.06 0.03 3 97 -3 .0132 3.0 
60 0.22 0.12 12 88 -3.0555 12.0 
90 0.32 0 .. 17 17 83 -3.0809 17.0 
120 1.07 0.26 26 74 -3 .1308 26.0 
150 1.46 0.31 31 69 -3.1611 31.0 
240 2.14 0.36 36 64 -3 .193e 36.0 
k = 2 15 x 10-3 m • min -1 
(NH2 • C6H4I) 0.0025 M 
0 0.07 0.02 0.1 249 -2.6038 o.~ 
JO 1.29 1.07 23 226 -2.6459 9.2 
60 1.76 1.45 32 217 -2.663.5 12.8 
90 2.b4 2.19 49 201 -2.6968 19.6 
120 3 .40 2o87 64 168 -2.7305 25 .b 
150 4.07 3.22 71 179 -2.7471 28.1.t 
180 4 .65 3.70 82 168 -2.7747 32.8 
240 5.90 4.69 104 146 -2.8356 41.6 = 2.16 X 10-J min -1 
-r.- 0.00102 - M Na2S203was used for the titration of O.OOUl - M amine 
solution and others were titrated with 0.00222 - M Wa2s2 Oy 
'H~Concentr2tion of amine listed iP this Table re£ers to Stoichiometric 
value. 
17 
TABLE I (Continued) 
Time Titer (T - B) Iodine o-iodo- Log C Reaction 
min. ml. corr . mol x 10-5 aniline (amine % 
mol x 10-5 concen.) 
(NH2 • c6H4I ) = 0.005 M 
0 
20 2.08 1.36 23 477 -2.3215 4.6 
30 2.95 1.94 33 467 -2.3307 6.6 
45 4.17 2.80 48 452 -2 .3L~9 9.6 
60 5.30 3.31 57 443 -2.3536 11.4 
75 6.52 4.30 74 426 -2.3706 14. 8 
90 7.60 5.13 92 408 -2.38% 18.4 
120 9.75 6.06 103 396 -2.4023 21.6 
km= 2.01 x 10-3 min-1 
(ijH2 • C6H4I) = 0.01 M 
0 o.o5 0.04 12 988 -2.0052 1.2 
10 0.33 0.30 29 971 -2.0128 2.9 
20 0.64 0.61 61 939 -2.n273 6.1 
30 o.85 0.80 80 920 -2 .0362 8.0 
45 1.15 1.09 108 892 -2.0496 10.8 
60 1.51 1.4Lr 143 857 -2.0670 14.3 
90 2.24 2.12 211 789 -2.1029 21.1 
120 2.79 2.61 260 740 -2.1308 26.0 
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Figure 2. The First-order Dependence of the Initial hRte 
on the Vari 1.tion o,. Amine ':oncentration 
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F'i~e J. First-orcer Rate Constants vs. Percer-tage of :Jeiodi11ct1on 
of o-Iodoa11iline. 
(NH2~H J)o = 0.01, (kI) = o.25 r:, (HCl) = o.o.5 M 
Temp 910.05 C. 
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the forward iodination reactions, and Grovenstein and Apara-
hamian5 correct this effect by extrapolating to zero per cent 
reaction where both initial hydrogen ion and iodide ion 
concentrations remain relatively constant. This fall-off effect 
is demonstr9tec in Figure 2. It should be emphasized here that 
the variation of k at the latter part of reaction is not a si?nif-
icant factor for the interpretation of the mechanism_-:, .t-Iowever, 
this fact tells that the deiodination rate is more significant at 
the ea:lier stage of its reaction. 
The effects of acid concentrations on the kinetics of 
deior'ination, c'!re shown i.n Table r.-. Only rate constants a!'e 
listed here. Table II inricates that the i·'1itial rate constants 
are effectively independent of the variation in acid concentration. 
Interpretation of the Yinetics of Deiodi~~tion 
The results of kinetic stuc1ies i'c.ricatec i.'1 Tables I and II · no 
f . 1,? the association of recent inomgs - may be s 11mmarized as fol-
lows: (1) the rate of deiodination of o-iodoaniline in aqueous 
medium is first order with respect to the stoichiometric concentra-
tions of o-anilinium ion; (2) the rate of' deioriination is effectively 
independent of the variation of hydrogen a-id iodide ion withi.ri the 
*The argUJ'llent on this phenomenon has been discussed in some 
detail with~. H. S. Choguill, supervisor of tnis research. This 
is also confirmecl through his corun.unication with Dr. J. r. Ridd of 
University College of London. They e:;..pressed the opinion that this 
has no affect on the deiodination mechanism. 
TABLE II 
KINETIC RATE CONSTJ\J1JTS FO.' DEIODDLI\TIO>r OF o-IODOANILINE 
1!ITII nu.: VARL TlOrJ or ACDITY 
(NH2 •C6H4I) = 0.01 M, (KI) = 0.2.5 M, Temp. so± 0 0 05° C, 10 ml. of reaction mixture titrated with 0 .01105 M, a2s2o3• 


















limit of experimental conditions described above; (3) and that 
the stoichiometric concent ration 01· free amine may be equal to 
the concentration of its conjugated acid. ,..,rom these facts, the 
followine kinetic expression can be mane . 
Rate= k 
The equation above tells that the transition state of 
deiodination involves only o-iodoanilinum ion but no iodide or 
hydrogen ion. This result is consistent with previous studies 
made by H. s. ~hoguill anc J. 3. Riod2 on deiodination of 
p-iodoanilin.e . Therefore, its mechanistic seauence may be 
expressed in the smne manner. 
JH2 f OCI? r NB ~ I h+ d:..·_---H 2 I- cf '- I 
This confirms the assumption that deiocj_nation of o-iodo-
aniline woulo follow the same mechanistic path as the p-isonier. 
Furthermore, constancy of k-value over the first 40% of its 
reaction indicates that the proposec nechanism may be extended 
to its isomeric compounds . 
In spite of consiclerable di.'ference in the experimental 
conditions, the transition state of deiochnation and of iodinat).on 
involves the same molecular species. This could be inferred from 
the published data on deiodination
1 
anc iodination3,4 that both 
reactions are,in essence, electrophilic substitutions which involve 




Isotope Effect in Deiodination 
The kinetic data for deiodination of o-iodoaniline in JO 
2 
medium are summarized in Table III. In this table, the changes 
in iodine concentrations are calculated from the transmittance 
data. Blank reactions were carried out in a similar manr er as 
above, The ratio kH2O/kD2O of 7.5 was calculated by co~paring 
the rate constants obtained from the aqueous medium with that 
from the D2o medium. This ratio indicates that an isotope effect 
is prominent under these experimental conditions. 
It is known that the exchange of the deuteron will be slower 
than the exchange of a proton in a step such as the one described 
in the foregoine section. This depends upon the difference i_n 
zero point energies in the bonds of hycrogen or deuterium to 
carbon. Using transition-state theory, it is possible to 
calculate the iso,:,opic effect on the rate if' assumptions are made 
about the several vibrations involving the isoto.i:-ic atom in the 
transition state. 15 However, theoretical estimation of isotope 
effect of deiodina,:,ion is complicate0 by absence of information 
on the zero-point energy of a solvated proton. Choguill and Rida2 




ratio for deiodination of p-iodoaniline 
would be between 3 and 9. The value obtained from this experL~ent 
indicates that the kH O/k ratio of o-iodoaniline is slightly 2 120 
larger for o-iodoaniline than the value of 5.8 for p-iodoaniline. 
The large isotope effect (kH lk = 7.5) in this deiooiPa-20' ~20 
tion is evidence that a proton transfer is the rate-determining step. 
TABLE III 
KrTETIC DATA FOR ~EIODIN.ATION OF o-IODOAI' ILINE J::T D
2
0 
(NH2 • CoH4I) = 0. 01 M, (KI)= 0.25 M, ( HCl) = o.o5 H, 
Temp. eo=o.o,5° c. Extinction Coefficient= 2.63 X 1a2 
Time T - B 
103 (NH2 C6Hl) min. 103 (I) log C 
0 
5 0. 008 9.992 -2.0003 
10 0.024 9.976 -2 .0010 
15 0.060 9.940 -2 .0026 
20 0.070 9.930 - 2 . 0030 
30 0.087 9.5'13 ... 2. 0038 
4S O.lh4 9.856 -2 .0063 
kn O = 3.25 x 10-4 min-1 2 
/k 20 D20 = 7.5 
23 
24 
Comparison of ReactiVity 
From molecular structure differences, it would be expected 
that the deiodination of o-ionoaniline requires less activation 
energy than that of the p-isomer. Although activation energies 
alone cannot be usec as criteria for the comparison of relative 
reactivities, sometimes they give usef information on enera 
requirements 111ith regarc to molecular structure. 
Table IV shm·Js approx:Lniate values of activation energies 
calculated from the Arrhenius equation. These calculations are 
based 0n the as su."llption that the rate constants obtq:L~e d from 
the deiodination reactions have an Arrhenius ·temperature 
clependence. 
The est:L"llations of activation energies given in Table IV 
were calculated from the integrateo form o the Arrhenius equa-
tion: 
log 
These calculateC' values corJfirm the previous assumption that 
ceioch.nation of o-iodoaniline requires less activation energy than 
that of p-iodoaniline. T11is is presu."!lably due to the steric effects 
of the iodine atom in o-ior oaniline. Although the large steric effect 
(9 .3 k cal c1iff erence) may be regarded as the cause of the ease of 
deiochnation of o-iocloaniline, activation energy data do not precict 
the precise reactivity difference. In other words, the difference in 
TABLE IV 
CO-fr.A:- rsrn. QP ACTIVATION ENERGY 
o-Iocoaniline 
p - Io•joaniline 
2. 43 (B0° C) 
11 . 40 (95° C) ~:-
o . 33 f'tJo° C )-::-




Diff . 9.3 kcal 
1f1'hese vtlues a:e obtaine ·' from t'1.e PXpE1irr;ents et ~5° C a:-i-i 
80° C rn ,r.rctive r. 
'-l,.f.copterl from Table in Pef erence 2. 
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activation energy may furnish qualitative Difonnation on re-
activity differerce , but not the nature of steric hindrance 
itself . 
Estimation of Error 
The sources of errors involved in this kinetic stuc'ly May 
be classified as follows: 1. deter1n.i.riate errors; 2. titration 
errors due to inaccuracies in buret readinr,s; 3. errors cue to 
the ~elay in sar1pling. Amonr, these sources of errors, the 
determinate errors such as inst.rurn.ental er or, operative error 
or personal errors may be reo;arded as riegligible . The titration 
errors in the estination of iodine coritent could be the :n.ost 
signi~icant errors involvec in this experiEent . Errors ~ue to 
the time c'elay were small compared with that of titration error. 
The probable deviation~~ from the rate constants given in 
Tables I, II, air' III is estimated by selecting thr kI'l vrlue 
which gives the riaximum r&nge of devir:.tion. As a..11 e..xclJllple 
consider the titration 0.001 }I iodoaniline in Table I. 
~:-Detailec discussions on errors are c;iven in nllI"erous 
Aralytical Chemistry text books. See I ••• Koltno~f and E. B. 
Sandell, "Textbook of Quantit2-tive Irorgai ic '.nalysis 11 
. acrnillan Co., New York, 1952, p . 271 . 
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6 (X-X) 2 / N-1) 
(2.27 - 2.15) 2 + (2.07 - 2.15) 2 + (2.11 - 2.15) 2 
mere 
0.106 
f 0.67 X 0.106 
a.on 
.3- - 1 
stancard deviation 
X observec value 
X mean v~lue 
N nrunber of measurement -
(N - 1) is usec:1 because >11 '111ber of 
measure~ents are snall. 
f = probrble deviation. 
rorr the size of the probable deviations, tne k ,~lues are 
expectec' to be ,-,ithin 3 - 5,t of the correct value. This probable 
deviation range is sufficient for the present study. 
CONCLUSION AND Sillih"\.-RY 
Kinetic investig~tion has been ~ade to elucic9te the 
mechanistic path for deiodinatio11 of o-iodoaniline. The consta,i,cy 
of the k value inclicates tn::i,:, tne c eiodin ation of o-ioaoaniline 
is of first order with respect to the amine. This and other 
28 
supporting experlil'2ntal facts lead to the conclusion that this 
deiodination mechanism involves a transition state which includes 
only conjugate acid of free amine. The result of the present 
investigation is, therefore, consistent with that of studies on 
the p-isomer. The ku1etic isotope effect on the reaction rate 
also suggests that C - H bond breakage is a rate-determinin~ 
step which follows the formation of the transition state. 
Comparison of relative reactivity on the basis of activation 
energy difference in o- and p-iodoaniline demonstrates that the 
steric effect of tne iooine atom may contribute to the difference 
in reaction rate. 
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